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© A surface-coated superhard member for a cutting or abrasion-resistant tool, wherein a coating is disposed on 
the surface of a parent metal for the tool so as to improve the abrasion resistance thereof. This member 
comprises a parent metal and, superimposed on the surface thereof, a hard coating having a thickness of 0.5 to 
10 urn and comprising at least one member selected from among a carbide, a nitride and a carbonitride of 
Mi. x AI K (wherein 0 £ x £ 0.5), the M to Al ratio of which is continuously or stepwise changed from M (wherein M 
represents Ti. Zr or Hf) at the interface of the parent metal and the coating to MAI at the surface of the coating 
opposite to the parent metal. This structure effectively utilizes the characteristic properties of metals M and Al. 
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Technical Field of The Invention 

This invention relates to a surface-coated hard material for cutting tools or wear resistance tools, in 
which a coating layer is provided on the surface of a base material of a cutting tool or wear resistance tool 
5 to improve the wear reistance. 

Technical Background 

Up to the present time, cutting tools and wear resistance tools have generally been composed of 

10 cemented carbides based on tungsten carbide (WC), various cermets based on titanium carbide (TiC), 
steels such as high-speed steels or hard alloys and ceramics based on silicon carbide and silicon nitride. 

In order to improve the wear resistnace of the cutting tools or wear resistance tools, a surface-coated 
hard material has been developed and has lately been put to practical use, in which one or more layers of 
carbides, nitrides or carbonitrides of Ti, Hf or Zr or oxide of Al are formed, as hard coating layers, on the 

75 surface of the hard material by a PVD method or CVD method. In particular, the hard coating layer formed 
by the PVD method is capable of improving the wear resistnce without deteriorating the strength of the 
base material and accordingly, it is suitable for a cutting use requiring a strength, for example, throwaway 
inserts for drills, end mills, milling cutters, etc. 

However, the PVD method is favorably comapred with the CVD method in respect of that the hard 

20 coating layer can be formed without deteriorating the strength of the substrate, but in the PVD method, it is 
difficult to stably form an oxide of Al and accordingly, a hard coating layer consisting of Al oxide formed by 
the PVD method has not been put to practical use. On the other hand, in the hard coating layer consisting 
of carbides, nitrides or carbonitrides of Ti, Hf or Zr formed by the present PVD method, the wear resistance 
cannot be said sufficient and in the high speed cutting, in particular, cutting tools or wear resistance tools 

25 thereof have shortened lives because of poor wear resistance. 

Under the situation, the present invention has been made for the purpose of providing a surface-coated 
hard material for a cutting tool or wear resistance tool having more excellent wear reisistance than that of 
the prior art with maintaining the substrate strength of the cutting tool or wear resistance tool, in particular, 
exhibiting excellent wear resistance in the high speed cutting. Disclosure of The Invention 

30 In order to achieve the above described object, in the surface-coated hard material of the present 
invention, there is provided (1) a coating layer having such a functional gradient composition that the 
composition is changed by stages or continuously from TiN of the boundary with the substrate to TiAIN of 
the outer surface at the opposite side to the substrate on the surface of a cutting tool or wear resistance 
tool, (2) a hard coating layer having a thickness of 0.5 to 10 urn and consisting of at least one member 

35 selected from the group consisting of carbides, nitrides and carbonitrides of Z^. x Al x (0 £ x £ 0.5) such that 
the composition ratio of Zr and Al is changed in stages or continuously from Zr of the boundary with the 
substrate to ZrAI of the outer surface at the opposite side to the substrate on the surface of a cutting tool or 
wear resistance tool, and <3) a hard coating layer having a thickness of 0.5 to 10 urn and consisting of at 
least one member selected from the group consisting of carbides, nitrides and carbonitrides of Hf t . x Al x (0 

40 £ x £ 0.5) such that the composition ratio of Hf and Al is changed in stages or continuously from Hf of the 
boundary with the substrate to HfAl of the outer surface at the opposite side to the substrate on the surface 
of a cutting tool or wear resistance tool. 

That is, the present invention provides a surface-coated hard materia! for a cutting tool or wear 
resistance tool characterized by providing a hard coating layer having a thickness of 0.5 to 10 urn and 

45 consisting of at least one member selected from the group consisting of carbides, nitrides and carbonitrides 
of Mi* Al K (M represents Ti, Zr or Hf and 0 £ x ^ 0.5) such that the composition ratio of M and Al is 
changed in stages or continuously from M of the boundary with the substrate to MAI of the outer surface at 
the opposite side to the substrate on the surface of a cutting tool or wear resistance tool. 

The hard coating layer can be provided on the whole surface of a cutting tool or wear resistance tool or 

so only the surface of an edge part. Formation of the hard coating layer can be carried out in known manner, 
but the PVD method such as spurting methods, ion plating methods, etc. is preferable in respect of that the 
substrate strength can readily be maintained. 

In the present invention, the hard coating layer is composed of at least one of carbides, nitrides and 
carbonitrides of Mi* Al x (0 £ x £ 0.5) such that the composition ratio of M and Al is gradient from the 

55 boundary with the substrate to the surface opposite to the substrate. That is, th concentration of Al is 
increased continuously or in stages from the boundary with the substrate to the surface of the hard coating 
layer in such a manner that x = 0 at the boundary with the substrate and x = 0.5 at the surface opposite to 
the substrate in the abov describ d formula. 
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Since the boundary with the substrate is composed of a carbide, nitride or carbonitride of M, in 
particular, excellent in bonding strength, the hard coating layer is very excellent in stripping resistance. At 
the same time, the surface of the hard coating layer is composed of a carbide, nitride or carbonitride of MAI 
more excellent in wear resistance as well as melt adhesion resistance, so that it is capable of maintaining 

5 an excellent cutting property for a long period of time as a cutting tool or wear resistance tool- 
Furthermore, it is found that in the surface-coated hard material provided with the above described hard 
coating layer, as a cutting tool or wear resistance tool, a very small amount of AI2O3 having a very high 
hardness at a high temperature is formed in the hard coating layer and accordingly, the tool exhibits a good 
wear resistance even in the high speed cutting. 

to The above described functional gradient composition of the hard coating layer can be changed in 
stages or continuously, but the latter case is preferable, since the stain due to difference of the coefficients 
of linear expansion is moderated. The layer thickness of the hard coating layer is in the range of 0.5 to 10 
urn, since if less than 0.5 urn, the wear resistance is hardly improved, while if more than 10 urn, the 
breaking resistance is lowered. 

15 In the above described formula, Mi* Al * , the upper limit of x should be 0.5 since increase of Al in the 
hard coating layer to exceed x = 0.5 results in lowering of the hardness of the whole coating layer. 

Examples 

20 The present invention will now be illustrated in greater detail by Examples and Comparative Examples. 
Example 1 

Using a cutting insert made of a cemented carbdie with a composition of JIS standard P 30 

25 (specifically, WC-20 wt % TiC-10 wt % Co) and a form of JIS SNG 432 as a substrate, the surface thereof 
was coated with each of coating layers having functional gradient compositions as shown in the following 
Table 2 by an ion plating method using vacuum arc discharge, as described below. 

Namely, the above described cutting insert and Al and Ti as a target were arranged in a film making 
apparatus, in which the insert was then maintained in an Ar gas atmosphere with a vacuum degree of 1 x 

30 10 ™ a torr, rinsed by applying a voltage of -2000 V and heated at 500 °C, after which the Ar gas was 
exhausted. While introducing one or both of N 2 gas and CH* gas at a rate of 300 cc/min into the film 
making apparatus, the Ti target was evaporated and ionized by vacuum arc discharge to coat the surface of 
the cutting insert with a carbide, nitride or carbonitride of Ti. Furthermore, various hard coating layers were 
formed by evaporating and ionizing the Ti target and simultaneously the Al target and controlling the 

35 composition ratio of Ti and Al so that the Al concentration was continuously increased and the composition 
on the surface was a carbide, nitride or carbonitride of TiAI. 

For comparison, the surface of a cutting insert with the same composition and same form as described 
above was coated with the coating layers of carbide, nitride or carbonitride of Ti by an ion plating method 
using the same film-making apparatus and vacuum arc discharge as described above, thereby obtaining 

40 samples of surface-coated cutting inserts of the prior art as shown in Table 2. In addition, samples of 
coated cutting inserts were prepared in which coating layers of carbide of Ti, etc. shown in Table 2 were 
formed on the surface of the cutting insert with the same composition and same form by ordinary CVD 
method. 

Each of the samples of the surface-coated cutting inserts prepared as described above was subjected 
45 to a continuous cutting test and intermittent cutting test under conditions as shown in Table 1 to measure 
the flank wear width of the edge, thus obtaining resuts as shown in Table 3. 

Table 1 



50 




Continuous Cutting Test 


Intermittent Cutting Test 




Workpiece 


SCM 435 


SCM 435 




Cutting Speed 


220 m/min 


220 m/min 




Feed 


0.37 mm/rev 


0.30 mm/rev 


55 


Cutting Depth 


2.0 mm 


1.5 mm 




Cutting Time 


15 min 


20 min 
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Table 2 

Sample Forming Composition and Thickness of Hard Coating layer ( #m) 
M ethod Boundary Layer Intermediate Layer Surface Layer 

1 PVD (Ti,. 8 AljN (4) 
x = 0 continuously changed => x = 0*5 

2 * PVD (Tli_,Al B )Ci_ r N, (4.5) 
x - 0:y =0 => continuously changed x = 0.5: y = 0.5 

3 PVD (Ti,_ r AlJC r N,_ T (5.5) 
x = 0:y = 0 => continuously changed => x - 0.5: y = 0.5 

* PVD (Ti,- x AlJCo. 5 - y N y ,o.5 (5.0) 

x = 0:y =0 => continuously changed => x = 0.5: y = 0,5 

5 PVD (Ti, _,AlJC y + 0 . sNo. s- y (5.5) 
x = 0:y =0 => continuously changed => x = 0.5: y = 0.5 

6 PVD (TIl.AIJC^,., (6.0) 

x = 0:y =0 => continuously changed x = 0.5: y = 1 

T PVD (Ti,.,Al r )C,_ y N T (5.0) 

30 x = 0:y =0 => continuously changed x = 0.5: y = 1 
Prior Art 



35 



20 



25 



8 PVD 


TiN 


1 


TiCN 


2 


TiN 


1 


9 PYD 


TiN 


1 


TiCN 


1 


TiN 


2 


10 PVD 










TiN 




11 CVD 






TiC 


3 


TiN 


2 


12 CVD 


TiN 


2 


Al 2 0t 


1 


TiN 


0.5 


(Note) : Sample 


Nos. 


8, 9, 


10 and 12: for 


comparison 
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Other Samples: present invention 

45 
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Table 3 



Sample No. 


Flank Wear Width (mm) 


Continuous Cutting 


Intermittent Cutting 


1 


0.130 


0.100 


2 


0.120 


0.110 


3 


0.115 


0.110 


4 


0.110 


0.105 


5 


0.120 


0.110 


6 


0.115 


0.120 


7 


0.110 


0.115 


8 


0.300 


0.210 


9 


0.205 


0.180 


10 


0.410 


0.250 


11 


0.205 


broken 


12 


0.110 


broken 



20 It is apparent from the above described results that the samples of the coated cutting inserts of the 
present invention have both an excellent wear resistance and breakage resistance, i.e. more excellent 
cutting performance than the comaprative samples in both the continuous cutting and intermittent cutting 
tests. 

25 Example 2 

Using a cutting insert made of a cemented carbdie with a composition of JIS standard P 30 
(specifically, WC-20 wt % TiC-10 wt % Co) and a form of JIS SNG 432 as a substrate, the surface thereof 
was coated with each of hard coating layers as shown in the following Table 4 by an ion platingmethod 
30 using vacuum arc discharge, as described below, to obtain a sample of surface-coated cutting insert of the 
present invention. 

Namely, the above described cutting insert and Al and Zr as a target were arranged in a film making 
apparatus, in which the insert was then maintained in an Ar gas atmosphere with a vacuum degree of 1 x 
10 " 2 torr, rinsed by applying a voltage of -2000 V and heated at 500 °C, after which the Ar gas was 

35 exhausted. While introducing one or both of N 2 gas and CH* gas at a rate of 300 cc/min into the film 
making apparatus, the Zr target was evaporated and ionized by vacuum arc discharge to coat the surface of 
the cutting insert with a carbide, nitride or carbonitride of Zr. Subsequently, various hard coating layers 
were formed by evaporating and ionizing the Al target and controlling the composition ratio of Zr and Al so 
that the Al concentration was continuously increased and the composition on the surface was a carbide, 

40 nitride or carbonitride of ZrAI. 
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Table 4 



Sample Forming Composition and Thickness of Hard Coating layer ( #m) 
5 M ethod Boundary Layer Intermediate Layer Surface Layer 





13 


PVD 












(Zrr-.AIJN 




(4.0) 














X 


— 


0 




=> 


continuously changed 




x = 


0. 


5 




10 


14 


PVD 












(Zr,_ r Al x )C 




(4.5) 














X 




0 




=> 


continuously changed 




x = 


0, 


5 




15 


15 
16 


PVD 
PVD 


X 




0 




=> 


(Zr.^AlJCN 
continuously changed 
(Zr, _ r Al JCi _,N r 




(4.0) 
x = 
(5.5) 


0. 


5 




20 


17 


PVD 


X 




0:y 


= 0 


=> 


continuously changed 
(Zr, . r AljC y N,_ r 


=> 


x = 0.5: 
(5.0) 


y 




0.5 








X 


— 


0:y 


= 0 


=> 


continuously changed 


=> 


x = 0.5: 


y 


— 


0.5 


25 


18 


PVD 












(Zri -bAI, )Co . s - T N y + o. 


5 


(4.5) 














X 




0:y 


= 0 




continuously changed 




x = 0.5: 


y 




0.5 




19 


PVD 












(Zri _ B Al,)C 7+0 . sHo. s- 


• 7 


(6.0) 








30 


20 


PVD 


X 




0:y 


= 0 




continuously changed 
(Zr,_ r Al,)C T N,_ 7 




x = 0.5: 
(4.5) 


y 




0.5 


35 


21 


PVD 


X 




0:y 


= 0 


=> 


continuously changed 
(Zr, 1 K A1JC, - y K T 




x = 0.5: 
(4.0) 


y 




1 








X 




0:y 


= 0 


=> 


continuously changed 




x = 0.5: 


y 




1 



40 Each of tho samples of the surface-coated cutting inserts prepared as described above was subjected 
to a continuous cutting test and intermittent cutting test under conditions as shown in Table 1 to measure 
tho flank wear width of the edge, thus obtaining resuts as shown in Table 5. 

45 



50 



55 
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Table 5 



75 



Sample No. 


Flank Wear Width (mm) 


Continuous Cutting 


Intermittent Cutting 


13 


0.128 


0.101 


14 


0.118 


0.114 


15 


0.125 


0.105 


16 


0.108 


0.098 


17 


0.112 


0.100 


18 


0.105 


0.098 


19 


0.110 


0.105 


20 


0.115 


0.110 


21 


0.105 


0.102 



It is apparent from the above described results that of the samples of the surface-coated cutting inserts 
of the prior art, Sample Nos. 8-10 whose hard coating layers were formed by the PVD method were inferior 
in wear resistance and Sample Nos. 11 nd 12 whose hard layers were formed by the CVD method exhibited 
20 lowering of the breakage resistance due to deterioration of the toughness of the substrate, while Sample 
Nos. 13-21 of the surface-coated cutting inserts according to the present invention showed more excellent 
wear resistance in both the continuous cutting and intermittent cutting tests and since the hard coating layer 
was formed by the PVD method, the toughness of the substrate was maintained resulting in more excellent 
breakage resistance. 

25 

Example 3 

Using a cutting insert made of a cemented carbdie with a composition of JIS standard P 30 
(specifically, WC-20 wt % TiC-10 wt % Co) and a form of JIS SNG 432 as a substrate, the surface thereof 

30 was coated with each of hard coating layers as shown in the following Table 6 by an ion platingmethod 
using vacuum arc discharge, as described below, to obtain Sample Nos. 22 to 30 of the surface-coated 
cutting inserts of the present invention. 

Namely, the above described cutting insert and Al and Hf as a target were arranged in a film making 
apparatus, in which the insert was then maintained in an Ar gas atmosphere with a vacuum degree of 1 x 

35 10 ~ 2 torr, rinsed by applying a voltage of -2000 V and heated at 500 "C, after which the Ar gas was 
exhausted. While introducing one or both of N 2 gas and CH* gas at a rate of 300 cc/min into the film 
making apparatus, the Hf target was evaporated and ionized by vacuum arc discharge to coat the surface of 
the cutting insert with a carbide; nitride or carbonitride of Hf. Subsequently, various hard coating layers 
were formed by evaporating and ionizing the Al target and controlling the composition ratio of Hf and Al so 

40 that the Al concentration was continuously increased and the composition on the surface was a carbide, 
nitride or carbonitride of HfAI. 
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Table 6 

Sample Forming Composition and Thickness of Hard Coating layer ( #m) 
Hethod_ Boundary Layer Intermediate Layer Surface Layer 

22 PVD (Hf,.,Al.)H (J,.o) 
x = 0 =* continuously changed =s> x = 0.5 

23 PVD (Hf,.,Al.)C (4.5) 
x = 0 => continuously changed x = 0.5 

2k PVD (Hr,.,AljCN (5.5) 

* = 0 => continuously changed =* x = 0.5 

25 PVD (Hf,.,Al.)C,. r M T (5.0) 
x = 0:y =0 => continuously changed => x = 0.5: y = 0.5 

26 PVD (Hf,..Al,)C r M,. F (4.5) 

x = 0:y =0 => continuously changed =* x = 0.5: y = 0.5 

25 27 PVD <Hf,-„Al„>C. (5.5) 

x = 0:y = 0 => continuously changed => x = 0.5: y = 0.5 

28 PVD (Hf.-.AljC rt .. s N,. s . r (6.0) 
x = 0:y =0 => continuously changed => x = 0.5: y = 0.5 

29 PVD (Hf,_,Al,)C,N,_, (5.0) 
x = 0:y =0 => continuously changed x = 0.5: y = 1 

30 PVD (Hf,_ l Al,)C,_ r N 7 (4.0) 



20 



30 



35 



40 



x = 0:y = 0 continuously changed x - 0.5: y - 1 



Each of the samples of the surface-coated cutting inserts prepared as described above was subjected 
to a continuous cutting test and intermittent cutting test under conditions as shown in Table 1 to measure 
45 the flank wear width of the edge, thus obtaining resuts as shown in Table 7. 



so 



55 



8 



EP 0 448 720 A1 



Table 7 



75 



Sample No. 


Flank Wear Width (mm) 


Continuous Cutting 


Intermittent Cutting 


22 


0.131 


0.095 


23 


0.129 


0.092 


24 


0.125 


0.090 


25 


0.120 


0.092 


26 


0.122 


0.090 


27 


0.118 


0.085 


28 


0.120 


0.090 


29 


0.117 


0.085 


30 


0.119 


0.087 



It is apparent from the above described results that of the samples of the surface-coated cutting inserts 
of the prior art, Sample Nos. 8-10 whose hard coating layers were formed by the PVD method were inferior 
in wear resistance and Sample Nos. 11 nd 12 whose hard layers were formed by the CVD method exhibited 

20 lowering of the breakage resistance due to deterioration of the toughness of the substrate, while Sample 
Nos. 22-30 of the surface-coated cutting inserts according to the present invention showed more excellent 
wear resistance in both the continuous cutting and intermittent cutting tests and since the hard coating layer 
was formed by the PVD method, the toughness of the substrate was maintained resulting in more excellent 
breakage resistance. Utility and Possibility 

25 According to the present invention, there can be provided a surface-coated hard material for a cutting 
tool or wear resistance tool having more excellent wear reisistance than that of the prior art with maintaining 
the substrate strength of the cutting tool or wear resistance tool, in particular, being capable of maintaining 
good cutting performances, as a cutting tool or wear resistance tool, for a long period of time even in the 
high speed cutting. 

30 

Claims 

1. A surface-coated hard material for a cutting tool or wear resistance tool characterized by providing a 
hard coating layer having a thickness of 0.5 to 10 urn and consisting of at least one member selected 
35 from the group consisting of carbides, nitrides and carbonitrides of M t . x Al x (M represents Ti, Zr or Hf 
and 0 % x ^ 0.5) such that the composition ratio of M and Al is changed in stages or continuously from 
M of the boundary with the substrate to MAI of the outer surface at the opposite side to the substrate 
on the surface of a cutting tool or wear resistance tool. 
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